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assemblies within the solution (coronene) as well as the dispersed phased (TRGO).
Fluorescence emission titrations and 2-photon time correlated single photon counting (TCSPC) measurements suggest the existence of dynamic quenching mechanisms upon the excitation of the fluorophore in the presence of the carbon substrates, as these methods are sensitive proves for the subtle changes in the NDIs environment. The series of halogenated species used exerts supramolecular control over the degree of surface assembly on the TRGO and over the interactions with the coronene molecule, and this is of relevance to the assembly of future biosensing platforms as these materials can both be viewed as congeners of graphene. Finally MTT assays carried out in PC-3 cells demonstrate that the stable noncovalent functionalization of TRGO and coronene with either L or D NDIs remarkably improves the cellular viability in the presence of such graphene-like materials. These phenomena are of particular relevance for the understanding of the direct donor-acceptor interactions in solution which govern the design of nano-materials with future biosensing and bioimaging applications.
Introduction
Several recently-discovered allotropes of carbon such as fullerenes, carbon nanotubes (CNTs), graphene and its functionalised derivatives such as graphene oxides have garnered considerable interest over recent years. [1] Graphene excites the imagination of lab-based chemists due to its many impressive properties such as high intrinsic mobility (200, 000 cm 2 /Vs), [2] high thermal (5000 Wm−1K −1), electrical conductivity, [3] high Young's modulus (1.0 TPa) [4] and high optical transmittance (97.7%). [5] Since its discovery it has become a highly promising material with envisaged applications ranging from biosensors, [6] high performance electronics, [7] photovoltaics and composite materials. [8] However, one of the key challenges in advancing the graphene based technologies remains in the area of effective surface functionalization and the formation of stable hybrid graphene-based functional 3 materials which are amenable to surface modifications in a sustainable and straight forward manner accessible to standard chemistry laboratories. The difficulties surrounding the labscale availability of functional graphenes are associated with a considerable structural and atomic variability of the bulk-produced materials. Recently, to bypass these limitations the use of GO and of its thermally reduced variant, TRGO, has emerged. [9, 10] The functionalization of carbon-based nanomaterials, especially CNTs and graphene, is extremely attractive in the bioanalytical area for electrode design as they can combine properties of the high surface area, acceptable biocompatibility, chemical and electrochemical stability and good electrical conductivity. [11] , [12] For instance, CNTs demonstrate faster response time and higher sensitivity than traditional electrodes. Such improved performance is attributed to their one-dimensional hollow tubular nano-chemistry that is responsible for the efficient capture and promotion of electron transfer from analytes. [13] Marquette et. al. demonstrated a method to enhance the chemio luminescent properties of an on-chip biosensor for the detection of protein and oligonucleotides. Such enhancement is associated with the use of carbon microarray and consequently increase of specific surface area for the probe biomolecule immobilization. [14] Popular methods of carbon planar surface modification rely on covalent approaches that require oxidised variants of graphene as a prerequisite to introducing various oxygen groups such as epoxides, tertiary alcohols and peripheral carboxylic acids. [10] These strategies have previously been used to attach various molecules ranging from chromophores, [15] antibodies, [16] polymers [17] and nanoparticles. [18] Modifying the surface of graphene in such a manner introduces defects into the planar graphitic layers that can ultimately serve to diminish the valuable aforementioned properties.
An accessible solution to this problem is the exploitation of supramolecular methods towards the development of hybrid graphene nanostructures [19] through the inclusion of biocompatible, flat and aromatic synthons such as NDIs. This can provide the benefit of a facile approach to 4 modifying graphene surfaces that relies primarily on electrostatic and Van der Waals interactions. Furthermore, such approach eliminates the need for using graphene oxide and covalent methods. Smaller fragments of larger carbon nanostructures can be used to model the supramolecular binding behaviour of larger carbon nanoforms. [20] , [21] Thus, smaller nanostructured portions have been previously used to study the association of a fullerene fragment with a chromophore in a host-guest system. [22] Flat, aromatic and biocompatible, functionalized electron acceptor systems such as NDIs have attracted much attention in recent years, particularly in the design of conducting materials, due to their tendency to form n-type over p-type semiconductor materials. [23] They are capable of self-assembly [24] and intercalating to incorporate themselves into larger multicomponent assemblies. [25] When functionalized with a variety of biocompatible tags, NDIs are versatile synthetic scaffolds and their potential applications are already extending to biomedical imaging fields. [26] , [27] , [28] , [29] These aromatic molecules have demonstrated their capability to across cellular membranes [30] , [31] and favour the up-take of carbon based materials such as Single Walled Carbon Nanotubes (SWNTs).
[32] Such behaviour seems to be independent from the primary amine employed for the synthesis of NDIs and rather be driven by the planar naphthalene diimide cores.
[30], [31] , [32] The phenylalanine tagged NDIs demonstrate reasonable 2-photon cross-section areas [33] and despite their rather low quantum yields, can be successfully used as imaging probes in prostate cancer cell due to their broad fluorescent emission. [30] These optical properties combined with biocompatibility have rendered them ideal candidates for further functionalization and exploitation for fluorescent bioimaging. [29, 30, 32] The assembly process between NDIs and nanomaterials such as C60, C70 and SWNTs has been explored, by us and others.
[ Herein, we report the synthesis and full structural, optical and electrochemical characterization of an entirely new series of α-amino acid functionalised naphthalenediimide.
We demonstrate that this class of functional NDIs acting as a FRET donor and incorporating derivatives of phenylalanine can be used to effectively bind and solubilise the planar aromatic 7-ring fused system of coronene as well as thermally reduced graphene oxide (TRGO) (FRET acceptor) (Scheme 1). Binding constants and associated kinetic parameters for the host-guest complexes have been calculated via NMR and UV-Vis absorptions in the solution phase.
Fluorescence spectroscopy, TCSPC were investigated to describe FRET mechanism indicating the presence of a charge transfer interaction. Cyclic voltammetry studies were carried out to study the redox behaviours of such NDIs and to shed light on the hypothesis that their LUMO energies satisfy the electronic conditions for charge transfer. The use of coronene as a small-molecule model for graphene nano-sheet provides a platform with a defined structure and molecular weight that allows for more systematic studies into the kinetics and thermodynamics of the supramolecular association between chromophores and reduced graphene oxide. This allows, for the first time, a detailed understanding of the strength of such interactions in the solution or the dispersed phase and the reliable study of the resulting NDI-TRGO nanohybrid both in the solid state and in the dispersed phase. We have also investigated the potential of such complexes in biological applications demonstrating the conditions for a strong quencher such as TRGO to be successfully used for in vitro bioimaging purposes. Moreover, the functionalization of TRGO and coronene with NDIs remarkably reduces cellular toxicity and opens up new possibilities to use graphene-like materials for biological applications.
Results and discussion
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A series of four NDI derivatives was synthesized via a microwave assisted reaction of naphthalenetetracarboxylic acid dianhydride (NDA) 1 with 4-X-D-phenylalanine (X = F, Cl, Table S1 , S2 and S3). However, more details about the structure of L-3·C6F6 can be found in the ESI together with the Xray crystal structure of the nonsubstituted L-phenylalanine-NDI (L-7) obtained in N-Methyl-2-pyrrolidone (NMP) and denoted (L-7·NMP). The structure of compound D-3·CHCl3 is displayed in Figure 1 . Structural data, selected bond lengths and angles and hydrogen bond tables are provided in the Supplementary Information (Table S1 , S2 and S3). The tilt angles between fluoro-phenylalanine moieties and longitudinal direction of the NDI skeleton are 73.5° (Figure 3) . Interestingly, the naphthyl core is not planar, with the N1, C10, O3, C21, O4 atoms lying 7.1(2)° and N2, C15, O5, C16, O6 atoms lying 2.3(2)° outside of the mean plane comprised of atoms 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 bonded supramolecular assembly in solutions with minimal to no polarity. The formation of a supramolecular self-assembly of NDIs, Figure 4 . View along the a-axis. Crystal packing structure of D-3·CHCl3 displaying the existing hydrogen bonds between the carboxylic groups of neighbouring NDIs. The red, green, purple, grey, white and yellow colored atoms represent O, Cl, N, C, H and F, respectively. different from that observed in solid state, can be studied by circular dichroism (CD) measurements in solution.
[35] Previous studies [51] have shown that NDIs containing aromatic side-groups can lead to the formation of nanotubular structures.
[52] However, the choice of solvent can play a significant role in the structural arrangement of supramolecular building blocks. [50] To investigate the nature of the self-assemble of NDIs in solution, the effect of solvent polarity and the size of aromatic complexing agent, CD experiments were carried out in CHCl3 and THF in the presence and in the absence of a FRET acceptor such as coronene and TRGO. The CD spectra of compound L-3 is shown in Figure 5 . The characteristic shape of the CD trace is consistent with a nanotubular assembly that give rise to an induced Cotton effect in a chloroform solvent stabilized with amylene as opposed to ethanol.
[53] After the addition of 20 μL of THF, the Cotton effect disappears (Figure 5a ). This suggests a breakdown of the helical assembly. Therefore, there is a clear indication that any slight degree of polarity in the surrounding molecular environment leads to a set of conditions in which higher order helical aggregate assemblies are highly unlikely. What it is interesting to note is that the signature region of the CD spectrum characteristic of the nanotube is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 The elucidation of the electrochemical properties of NDIs has been reported in a number of previous studies, whereby distinct monoelectronic reduction features are observed.
[54], [55] Furthermore, electrochemically stable NDIs possessing low-lying LUMO levels have been reported as efficient electron transporting materials. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 processes which can be associated with the sequential reduction of the two imide substituents, firstly to the anion and then to the dianion species. The redox potential at around 0.5 V is due to the ferrocene redox couple. Where Ered is the voltage at onset of reduction and E1/2 ferrocene is the half potential of the ferrocene redox couple. The calculated low lying LUMO energies shown below in Table 2 confirm Table 2 for comparison. We propose that the assembly between NDI and graphene-like nanomaterials occurs in the first instance via a spontaneous ground state NDI (NDIGr) interaction with the pi-aromatic system. We also explore the occurrence of a photoinduced energy charge transfer process within the NDIEx•PCS supramolecular complex. Fluorescence titration experiments were also used to distinguish a photo induced FRET mediated binding mechanism. While TCSPC experiments explore the exponential decay characteristics of the donor acceptor system complexes. Figure 9 shows the UV-Vis spectra of traces of the coronene (blue line), D-3 NDI (purple line) and the complex of the two (NDIGr•coronene, red line). The enhanced solubilisation of coronene is supported by the increased absorbance at 304 and 342 nm in UV region of spectrum. Subtracting the NDI absorbance from that of the complex allows us to visualise the contribution of coronene to the complex which is identifiable by broadening of the shoulder between 290 and 304 nm and is caused by additional sharp peak at 294 nm (green line in Figure 8 ). The inset of Figure 8 shows the presence of new charge transfer bands not seen in either of the independent host and guest solutions. The appearance of low energy bands at 485 nm arises as a result of electronic transitions between the HOMO of the donor and the LUMO of the acceptor.
[58] These transitions were present after increasing the concentration of the host molecule to 1 mM in order to overcome the relatively poor extinction co-efficient of the complex and the low association constant. The choice of solvent for these studies was restricted due to solubility issues. Coronene is known to be only sparingly soluble in THF and was therefore seen as an ideal candidate to verify here its solubility enhancement in the presence of the NDI compound D-3. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 [60] For studying the interactions of an electron-deficient electron-rich (or Host-Guest (HG)) complex, the simplest stoichiometries are 1:1, 1:2 and 2:1.
It is reasonable to assume that in the presence of a suitable excess of either Host or Guest in solution, binding systems of higher order than 1:1 will form as the structural nature of either Host or Guest can facilitate this.
[61]
Jabbari-Farouji and van der Schoot [61] reported a model that described the different possible arrangements of two species conforming to an intricate set of self-assembled ordering systems. For the purposes of simplicity in assessing the influence of the halogen series, we have restricted the discussion to the association constant to the 1:1 complexes. However, we 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 attempted to model the titration data according to 1:2 and 2:1 systems. Full details of higher order stoichiometry models are reported in the ESI. of the NDIs, respectively on the relative host-guest ratio, is reported in Figure 8 . In Figure 8b , the equivalent of guest added upon titration is plotted versus  described in the equation TEM and SEM studies were carried out in order to observe the morphology of NDIs and their adducts with coronene or TRGO. As expected, selected area electron diffraction (SAED) of free TRGO indicates a crystalline structure (Figure 11a) , while its direct observation by TEM revels a sheet-like material (Figure 11b) . TEM micrographs of D-3•TRGO shows a heterogeneous distribution of the complex with various degrees of aggregation (Figure 11c and 11d). Figure 11c shows a well dispersed sheets of D-3•TRGO complex, while in a different site of the sample it can be observed a multilayer aggregation structure (Figure 11d ).
EDX analysis of hybrid NDI•TRGO samples confirms the presence of the halogens together
with carbon species and, therefore, the formation of the desired NDI complexation (see ESI).
The morphology of the D-3•coronene complex was also investigated by TEM. A crystalline 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 are complexed by coronene, the supramolecular assembly can generate organic nanoparticles, while functionalised carbon nanosheets can be observed in NDI-TRGO adducts. However, a certain degree of aggregation of amorphous material can be seen. showing single lifetimes of approximately 3.5 -3.8 ns (Table 4) . However, two component systems were more accurate models of the decay profiles when either coronene or TRGO was present. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Finally, it is worth noting that the τ1 for the NDIEx•TRGO species was found to be considerably shorter suggesting that TRGO is a more severe quencher than coronene. The appearance of a second longer minor component might suggest the presence of unquenched species free in solution or their supramolecular aggregates. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 This particular work demonstrates that doping of planar carbon based system can be achieved by using amino acid tagged NDI building blocks. The TCSPC of the NDIs in free solution does not show a multi component exponential decay in these particular experimental conditions. Therefore, this complexation suggests the features of the resulting composite have the potential to be more than the sum of the individual properties of the constituent molecules in a low concentration regime. The TCSPC has also the merit of allowing us to study the emission properties of our systems at concentration far lower (50 µM) than the one used for fluorescence titrations. These experiments assured that the quenching mechanisms emerging from fluorescence titrations and TCSPC reflect the formation of a carbon-based NDI nanohybrid rather than NDI-NDI aggregates.
Laser scanning confocal microscopy has been performed on NDIs, NDI•coronene and NDI•TRGO complexes in order to establish their potential as cancer imaging agents. PC-3 cells were grown according to standard serial passage protocols, plated onto glass bottom 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 dishes and allowed to grow up to a suitable confluence (see ESI for cell culture and plating details). Figure 15 shows the bright field image, the emission overlay of the blue-green-red channels, the individual channel emissions (blue: λem = 460 nm, green: λem = 525 nm, red: λem = 629 nm) of compound D-3 (Figure 14a-e) , D-3•coronene (Figure 14f-j) and D-3•TRGO (Figure 14k-o) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 settings were taken in order to gather more information regarding cellular uptake and distribution. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65 with NDIs seemed to be responsible for a low degree of nuclear membrane penetration.
[32]
The present data is in agreement with out previous findings, highlighting that the interaction The lifetime data are summarised in Table 5 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Figure 19) . It is known that graphene-family nanomaterials such as graphene, GOs, reduced GOs are cytotoxic and/or genotoxic. [66] Although the mechanisms for their toxicity towards cells are not completely understood as they follow different paths, [67] the formation of reactive oxygen species (ROS) seems to be the most recurring mechanism observed.
[68], [69] While pristine carbon based materials tend to accumulate in physiological solution due to electrostatic interactions and nonspecific bindings to proteins, [70] surface modified graphene-like materials are often less toxic. 
Conclusion
We 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 construction of fluorogenic composite materials, quenching systems and novel FRET-donoracceptor nanocomposite for biological application.
4. Experimental Section.
Materials and Method.
All purchased starting materials were used without further purification. All solvents were of reagent grade quality and purchased commercially. Synthesis of compounds D-and L-3, 4, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 laser beam was focused to a diffraction limited spot through a water immersion ultraviolet corrected objective (Nikon VC x60, NA1.2) and specimens illuminated at the microscope stage of a modified Nikon TE2000-U with UV transmitting optics. The focused laser spot was raster scanned using an XY galvanometer (GSI Lumonics). Fluorescence emission was collected and passed through a coloured glass (BG39) filter and detected by fast microchannel plate photomultiplier tube used as the detector (R3809-U, Hamamatsu, Japan). These were The microscope was also fitted with a motorized piezo z-stage, halogen lamp and mercury lamp for epi-fluorescence microscopy. All images were processed using functions within the NIS elements software package. 3-dimensional images were generated by a z-stack series of images setting the top and bottom focal planes of the sample. Smoothing function, background subtraction, gauss-laplace filter and matrix expansion were adjusted to interpolate and generate 3-dimensional image of the sample. Circular dichroism spectra were recorded using a Chirascan CD Spectrometer in THF, THF-toluene and CHCl3 stabilized with amylene. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 the solution, E is the corrected emission intensity, I is the relative intensity of the exciting light and n is the average refractive index of the solutions.
Synthetic procedures.
Electrochemistry (Cyclic Voltammetry)
The NDIs were dissolved in a 0.1 molar solution of tetrabutylammonium hexafluorophosphate (TBAPF6) in THF to produce a 5 mmol NDI concentration. To these solutions were added equimolar concentrations of ferrocene to act as standard. Samples were purged with Argon before measurements. Experiments were conducted at a range of scan rates between 100 mV s -1 and 10 mV s -1 . A standard 3 electrode system comprising a platinum working electrode, a Ag/AgCl (in solution of KCl) reference electrode and a platinum wire counter electrode with the ferrocene/ferrocenium (Fc/Fc + ) redox couple as the internal standard was used.
Fluorescence titrations with coronene
A 10 mM solution of NDI was prepared. To this solution was added a saturating quantity of coronene. The resulting saturated suspensions were then sonicated until the mixtures became homogeneous. The excess coronene was allowed to settle. The resulting suspension supernatant was titrated against another 10 mM solution of NDI in THF. Experiments were conducted using a Perkin-Elmer LS55 luminescence spectrophotometer. Excitation wavelength was set at 380 nm for all experiments. Emission range 420-700 nm was scanned at 300 nm min -1 for all experiments. Titrations were conducted in a 1.5 mL cuvette.
Suspension containing NDI at 10 mM concentration in THF was added to the cuvette and the emission spectrum scanned. Subsequent scans were conducted with 0.2 mL titres removed from cuvette and replaced with 0.2 mL titres of 10 mM NDI suspension saturated with coronene in order to maintain constant NDI concentration throughout the experiments.
Fluorescence titrations with TRGO were prepared by the same method mentioned above. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 TRGO suspension was sonicated to promote layer separation of the TRGO until the mixture became homogeneous. The excess of TRGO was, then, allowed to settle.
X-ray crystallography
Experimental details relating to the single-crystal X-ray crystallographic study are summarised in Table S1 and S2. Data for complex D-3 . CHCl3 were acquired using an Agilent Supernova Dual diffractometer equipped with an EosS2 CCD plate detector using a mirror monochromator (Cu Kα radiation, λ = 1.54184 Å). Data for complex L-3 . C6F6 were acquired using a Bruker SMART diffractometer using a graphite monochromator (synchrotron radiation, λ = 0.6943 Å). For space group determination, structure solution and full-matrix
least-squares refinement the WINGX-v2014 suite of programs was used.
[75] All non-hydrogen atoms were refined with anisotropic displacement parameters. C-H hydrogen atom were placed onto calculated positions and refined riding on their parent atom. All hetero atom hydrogen atoms have been located in the difference Fourier map and were refined freely. The program MERCURY [76] was employed for the graphics used in this publication.
Preparation of samples for TCSPC Experiments
Samples for TCSPC experiments were prepared by the same method as those for fluorescence titration experiments differing only in that NDI and coronene concentrations were at 50 μM and 100 μM respectively.
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